Abstract. Experimental details are given of how to reliably measure the optical properties of aqueous solutions in the far-infrared spectral range using a Fourier transform spectrometer. We discuss the analysis of reflection and transmission data in order to obtain the refractive index and the absorption coefficient. Some results on water and biological systems are presented.
Introduction
Optical spectroscopy is among the most important and fruitful methods which can be used in order to characterize and understand the basic properties of matter. Following the large impact on atomic and molecular physics, for the last hundred years optical methods have been developed up to an extremely high level of accuracy and sensitivity and applied to a large variety of problems in condensed matter physics. Needless to say that also the frequency range was expanded far beyond the visible, in particular down to the infrared. Nowadays optical methods (defined by the freefield propagation of light) cover the spectral range from the vacuum ultraviolet of frequency 10 5 cm −1 (corresponding to a quantum energy of 10 eV) down to the very far-infrared (FIR, approximately 1 cm −1 or 0.1 meV), below which microwave and coaxial techniques have to be utilized to probe the electrodynamic properties [3] . In particular the infrared spectral range turns out to be extremely important to study structural and vibrational properties of molecules and solids. Already the simplest ball and spring model tells us that heavy entities will have their vibrational modes at lower frequencies compared to light ones; this becomes of particular importance for the investigation of large biological molecules. In the last decade, commercial applications in communication technology, sensors, imaging, and medicine, for instance, approach the upper GHz and the THz range of frequency (1 THz corresponds to 30 cm −1 ). Hence the question of possible side effects of the radiation in this spectral range becomes of increasing importance.
Nowadays optical spectroscopy is widely used to study biological problems [1, 2] . However, it seems to be confined to the visible and near-infrared range of frequency and almost no data are available in the FIR. The reasons for that seem to be mainly technical: (i) Fourier transform spectrometers working in the FIR range are cumbersome and expensive. (ii) They have to be operated in dry atmosphere but require vacuum condition in order to achieve superior performance. (iii) Since the radiation sources of traditional FIR spectrometers are very weak in the FIR range, helium cooled bolometers are required to detect the signal; a troublesome and expensive venture. (iv) Due to Abbe's diffraction limit the samples have to be rather large at the lower frequency end. (v) In general the material is prepared in aqueous solution, but water is highly absorbing in the FIR spectral region.
In response to the problems (iii) and (iv), we recently presented a novel THz near-field spectrometer which allows to perform biological and medical studies with a spatial resolution down to several microns [4] . Monochromatic sources provide powerful coherent cw radiation tunable from 50 GHz up to 1.5 THz. Transmission and reflection experiments can be performed, which enable us to study solids and molecules in aqueous solution. In the following we will discuss our approach to deal with problems (ii) and (v) using a commercial Fourier transform spectrometer. Examples for spectroscopic investigations on water and biological samples are presented.
Experimental Details
A modified Bruker IFS 113v Fourier transform spectrometer is utilized in the frequency range from 10 cm −1 to 700 cm −1 with a resolution of up to 0.03 cm −1 . The radiation is generated by a mercury arc lamp and detected by helium cooled Si bolometers, one of which can be pumped to operate at T = 1.2 K. The complete frequency range is covered by only two or three Mylar beamsplitters (6 µm, 23 µm, and 75 µm). The design of the experimental setup is governed by the fact that a meaningful measurement of any biological system has to be performed in aqueous solution. Figure 1 gives an idea of the optical parameters of water, the refractive index n and the extinction coefficient k as tabulated in the Handbook of Optical Constants of Solids [5] . Also shown is the power transmission through a water layer of different thicknesses as indicated (reflection losses were not included since they depend on the adjacent material). From this rough estimate, it becomes obvious that in the spectral range between 50 cm −1 and 1000 cm −1 extremely thin layers of water have to be prepared in order to perform measurements in transmission configuration.
In order to obtain quantitative data, a cuvette has been prepared which is transparent in the FIR range; it has an open diameter of about 10 mm and a sample-space thickness of approximately 10 to 20 µm. Typical window materials like poly-
